In this report we describe the ultrastructure of heated and unheated intact synthetic MSU crystals and our findings on natural MSU from SF, bursae, and tophi. The external appearance of synthetic crystals was altered by heat. A similar internal architecture was found in synthetic crystals and natural crystals from SF, bursae, and tophi. Most MSU crystals had smooth surfaces with evidence of thick superficial coating on intact crystals from only one synovial fluid. 
Monosodium urate (MSU) crystal structure as seen by compensated polarised light microscopy has been described in detail,' but routine transmission electron microscope (TEM) studies of thin sections of the synovial membrane and tophi have failed to show the ultrastructure of these crystals.2 3 In this report we describe the ultrastructure of heated and unheated intact synthetic MSU crystals and our findings on natural MSU from SF, bursae, and tophi. The external appearance of synthetic crystals was altered by heat. A similar internal architecture was found in synthetic crystals and natural crystals from SF, bursae, and tophi. Most Morphological characteristics of monosodium urate 77 forms this appearance seemed to arise from superimposition of crystals.
The crystal surface was most often smooth at lower magnifications (Figs. 1, 2), but at higher magnifications angular or curved irregularities of the crystal surface were observed in most SF, bursae, and tophi (Figs. 3A, 3B). Some crystals appeared to have other tiny crystals on the surface (Fig. 3C) . A few of those tiny crystals exhibited apparent continuity with the larger crystal. Others had different ultrastructure and were actually morphologically reminiscent of calcium pyrophosphate dihydrate (CPPD) because of their greater density with round and more uniformly arranged holes.'" The latter ultrastructurally different crystals were observed in bursae (Fig. 3C) and SF but not in the 2 tophi examined.
Diligent examination of the surface failed to reveal any evidence of definite protein-like coating on most crystals. A thick fluffy coating was observed, however, on MSU crystals in the SF from the one patient who was asymptomatic (and without SF inflammatory cells) (Fig. 3D) . Many crystals had a sharply demarcated, less dense homogeneous surface layer that might possibly be a coating or more likely is merely one appearance of the surface crystal material. There was partial disappearance of the fluffy coating after treatment with hyaluronidase, but not of the homogeneous material on other crystals.
The internal architecture as seen by TEM also varied considerably. MSU crystals showing different grades of electron density and variable internal architecture were observed in all specimens of SF, bursae, or tophi (Figs. 2A, 4C ). The interior of the crystals developed an electron-lucent network which was artefactually induced by exposure to the electron beam. At the very beginning of electron beam exposure the crystals appeared uniformly electrondense (Fig. 4A) . Within a few seconds many small electron-lucent areas were observed (Fig. 4B) (Figs. 3A, 3B ).
Normally these structural changes were observed in the central areas of the crystal, while the crystal ends developed only smaller electron lucencies. In bursae very occasional crystals showed larger ovoid electron-lucent spaces (Fig. 4C) .
SYNTHETIC MSU CRYSTALS
Under polarised light crystals synthesised over 72 hours by the methods previously mentioned were predominantly needle or rod shaped, were larger than natural MSU, and always very strongly showed negative birefringence. By TEM synthetic crystals were between 2 and 60 um and had parallel sides with smooth surfaces (Fig. 5A) . They had no tiny crystals on the surface and no fluffy coating was observed. They showed variable density and developed structural changes induced by the electron beam exposure similar to those of natural MSU crystals. Heated MSU crystals retained their ultrastructural characteristics in their interior, but they lost their needle-or rod-like shapes, and the surface became very irregular (Fig. 5B) . A homogeneous SB. Heated synthetic MSUcrystals retain the internal ultrastructural characteristics, but they acquire a bizarre appearance and irregular surface and lose their well defined rod-or needle-like shapes. The homogeneous surf(ace layer is seen at the arrow.
lighter surface structure, such as was seen on some natural crystals, occurred on some of the synthetic crystals with or without heating (Fig. 5B) .
Discussion
The present study provides further information on the morphological characteristics of natural and synthetic MSU crystals. These crystals and other water soluble crystals such as steroid crystals'2 and cholesterol crystals"3 are usually lost during tissue processing, and only an electron-dense outline of the crystal remains. CPPD and calcium oxalate'4 are not dissolved, but sections for TEM might cut through crystals making shape an imprecise criterion for their identification. By using the formvar-coated grid technique, crystal dissolution is avoided and crystals retain their actual shapes. CPPD crystals continue being electron-dense and diffusely foamy with round, more uniformly distributed holes,'5 and are thus similar in fine structure to calcium oxalate. ' The different grades of electron density and internal architecture observed in our study appeared to result from the variability of crystal size and shape. Thinner crystals seemed to respond differently to the electron beam. The variable ultrastructural network shown here was clearly an artefact induced by the electron beam exposure. We have, however, demonstrated in other studies that nonartefactual holes are identifiable during the early growth of MSU crystals.'6 Whether these holes during growth, and any nucleating material that may be trapped in the crystal, influence the later changes seen in the electron beam is not known.
An interesting observation was the failure to show any definite or significant surface coating on most crystals. The ability of the MSU crystal surface to interact with proteins has been proposed,"9-2" and actual immunoglobulin coating on crystals in vivo has been previously suggested.34 But morphological proof of location of immunoglobulin on the crystal surface had not been presented. It is possible that the formvar-coated grid techniques used in our study did not allow visualisation of small amounts of adherent material on the surface of crystals, or that digestion of much of the protein coat had already occurred by the lysosomal enzymes in the inflammatory fluids. 22 Pritzker et al.,8 using similar techniques to ours, observed amorphous substances coating the surface of MSU crystals in SF and bursae. Since their samples were preserved in ethanol, these authors interpreted their findings as precipitated 'mucin'. It is intriguing that they observed smooth surfaced crystals on the joint surfaces of asymptomatic gouty patients, while in our study, on the contrary, the only SF in which a definite crystal surface coat was observed came from an asymptomatic gouty patient. What this fluffy coating contains and whether it is what prevented inflammation remains to be determined. Whether the less dense homogeneous material on the surface of many crystals is only part of the crystal wall or may include coating material will be studied in the future with immuno EM techniques.
Some very small crystals were also observed in fluids from our patients. Many were on the surface of other crystals; we do not know the exact nature of these crystals. X-ray diffration in one fluid containing such crystals showed only MSU, but very small crystals may not allow electron diffraction or give off sufficient x-rays for elemental analysis. Thus it is possible that they represent urate or other unidentified crystals, such as even CPPD or other calcium salts.
The study of synthetic MSU crystals clearly showed that heating may induce morphological changes, especially on the crystal surface, destroying the well-defined needle-like or rod shapes. Nevertheless, the internal architecture of heated crystals appeared similar to unheated crystals. Mandel, using x-ray diffraction and thermal gravimetric analysis, has postulated that heating of MSU crystals induces changes in the chemical composition and crystal structure .
The present studies demonstrate that drying very 
